CFD models are used in air protection to simulate the spreading of gaseous pollutants. The CFD models allow us to obtain the necessary information on the liquid flow (velocity and pressure distribution fields), heat and mass transfer. This is achieved by numerically solving the differential equations which describe momentum transfer as well as energy and mass balances.
Introduction
The contribution of road transport to global air pollution is very high, and in industrialised countries it is equal or even exceeds the pollution generated by industry. On a global scale, cars release nearly 300 million tonnes of toxic exhaust emissions annually. It is estimated that big urban agglomerations in Europe are inhabited by 70-80% of its population. Due to the size and character of vehicle exhaust emission, local conditions which hamper quick ventilation of streets and a continually growing number of vehicles, the percentage of people exposed to the harmful effect of toxic components of vehicle exhausts is still very high. According to the latest literature, street traffic can be treated as the main source of air pollution in big cities. In certain regions its contribution to the emission of carbon monoxide CO is estimated to be ca. 70% or even 90%, and the emission of nitric oxides NO x amounts to 23%, while according to other authors this is 98% and 20%, respectively [1, 2] . Carbon monoxide is also referred to as the biggest source of organic carbon emitted in the form of aerosols. According to researches carried out in Athens, street traffic is responsible for 8% of the pollution with sulphur dioxide SO 2 , in 67% with nitric oxides NO x , in 64% with hydrocarbons C x H y and in almost 100% with carbon monoxide CO [3] .
Tools to estimate the effect of street traffic on air quality in urban agglomerations are based on various types of mathematical models. When assumed conditions are considered, it is possible to determine the behaviour of pollutants in a street canyon, open road, cross roads or even on a pavement. American regulations give the period of 1, 3, 8 and 24 hours as the main reference times in short-term models, while in long-term models the averaging times range from 1 month to 1 year. The models of dispersion can also be divided into these which are used to calculate changes in the concentrations of toxic compounds during a set period of time in selected receptors and the models which calculate spatial concentration fields in a given time instant. An additional classification criterion is the degree of urbanisation. Here, we have urban and rural areas which differ in a roughness coefficient and meteorological exponent for subsequent classes of atmosphere equilibrium. Due to their complexity, the models can be divided into refined and screening ones. In the refined models numerous factors are taken into account, which enable much more precise calculation of concentrations. However, they require a large number of data which are not always easily available. The screening models are usually applied to roughly estimate pollution or to simulate changes in the trends of toxic compound concentrations [4] . Taking into account the mathematical approach, the models of pollutant dispersion can be divided into several main groups: box models, Gaussian models, receptor, Euler and stochastic models. The classification of models according to the above criteria is given by Vardoulakis et al. [5] .
Description of the method
To simulate a phenomenon, process or object, its mathematical model should be known. It is usually composed of algebraic, ordinary differential, partial or integral equations. So, the simulation consists in solving a system of equations. In the case of vehicle traffic and gas pollutant dispersion, there is a turbulent fluid motion. Basic equations which describe such a flow are the Navier-Stokes equations. For an incompressible fluid the momentum conservation equation should be completed with a continuity equation.
The turbulent viscosity coefficient in the Navier-Stokes equation is calculated from the Prandtl-Kolmogorov relation which refers to kinetic energy of dissipation K and the length of mixing path l µ .
where κδ = µ l (5) δ -distance from the nearest wall, γ -local shearing rate, κ -von Karman
The system of equations was completed with a pollutant transport equation, in which the release rate of a pollutant, i.e. carbon monoxide emission source, was considered.
The turbulent diffusion coefficient was determined from the equation: Sc D t t µ = (8) where: µ t turbulent viscosity Sc Schmidt number
The proposed system of equations with boundary conditions was solved using the finite element method [6] . A road segment 80 m long is analysed in the model. The analysed segment is a two-lane road 7.5 m wide with 20 m shoulder on each side. The analysed height above the road level was 15 m. Vehicles in the calculations were represented by cubicoids of dimensions equal to average dimensions of passenger vehicles and lorries. It was also assumed that pollutant dispersion was an isothermal process. The emission and dispersion of carbon monoxide were considered in the calculations. Carbon monoxide emission was estimated according to Copert 3 algorithm [7] . Statistical data concerning the number of cars, engine size and CO emission, with reference to various aspects of operation of combustion and diesel engines, was included in the calculations.
Calculations were started with the determination of a velocity profile. It was assumed that the CO concentration profile was a result of two overlapping effects: motor traffic and turbulence caused by the traffic as well as air flow resulting from meteorological conditions (wind direction and velocity). These effects were included in two subsequent procedures of velocity field calculation. At the first stage, cars were motionless while the environment was moving at a velocity resulting from mean vehicle velocity. An initial condition at this stage of calculations was a constant initial velocity of the moving environment. As a result of an iteration, a profile of air flow along the road was formed. The profile was recorded by a computer. Next, a velocity profile resulting from air flow was calculated. It was calculated irrespective of the previous profile. At this stage the air flow was also assumed to be constant. Using iteration, a proper velocity profile was obtained both in the vicinity and on the road.
In the proposed model of pollutant dispersion, the calculations were divided into two stages. The principle of superposition was also used. The first stage covers exhaust emission and dispersion resulting from motor traffic (velocity profiles from the first stage of the simulation). At the second stage there is a further dispersion due to air flow resulting from atmospheric conditions. During simulation, the above discussed stages followed each other until reaching a steady state. For exhaust emissions, the initial concentration on the road was zero. Next, as a result of exhaust emission and dispersion a concentration distribution was obtained. The concentration profile was also modified in subsequent iterations until reaching the steady state.
Measuring methods
Measurements were taken near a two-lane road with heavy traffic. The measuring set-up was situated on a straight road segment within Lodz boundaries. On the whole, a series of ca. 177 measurements were taken in the spring and autumn season. The measured substance was carbon monoxide because of its amount formed during liquid fuel combustion and especially harmful impact on the health of people in general and car drivers in particular.
The concentration of carbon monoxide was measured by a CO12M analyser (Environment S.A.) used for analyses in continuous or batch systems. The device is especially useful at low pollutant concentrations in the ambient air in atmospheric conditions and is characterised by a detection limit of 0.05 ppm. Its operation is based on detecting the rate of absorption of infrared radiation. To measure temperature, humidity and wind velocity, an ALMEMO 2290-3 device (Ahlborn, Germany) was applied. Additionally, the traffic was filmed by a JVC camera. Based on the records, the number, types and average driving speed of the vehicles were determined. The recorded data is given in Table 1. and space. Results obtained in this way allowed us to obtain concentrations in arbitrary cross sections of the calculation grid. The calculations were made for all input data taken from real measurements and they were compared with the measured carbon monoxide concentrations. Figures 2 and 3 show the effect of wind velocity and traffic intensity on the concentration profile, respectively.
Based on the data obtained, the CO concentration on the road edge was recorded in the locations in which the measurements were actually taken. A comparison of experimental and calculated data is given in Table 2 .
The correlation coefficient was compared with the values of R found in literature for other grid models (Table 3) . 
